Abstract. Tea waste was briquetted at ambient temperature for 5 minutes under barometric pressure. The total moisture, ash content, volatiles content, fixed carbon content, sulfur content and high calorific value of the briquettes were investigated. The tea waste briquettes had a high calorific value of 11.23 MJ/kg, which was comparable to that of median coal.
Introduction
It has been an increasingly interest in biomass technologies recently. The 12th Five-Year Plan of China for the Development of Biomass Energy clearly stipulates the establishment of biomass fuel production, storage, transportation and uses system, and promotes the use of biomass fuel as a central heating source in urban areas and in rural areas as clean cooking and heating fuel [1] .
Tea residue refers to tea in the cultivation, processing, processing and circulation of consumption generated by the process of tea biomass as the main body of the waste, is the agricultural solid waste is an important component. According to statistics, the output of the world's tea in 2015 the world's 502.6 million tons, of which China's tea production of 209.2 million tons [2] , these tea production and consumption process will produce a lot of tea residue, and with the increasing demands of tea products such as tea bags, tea drinks and tea polyphenols and other health products meeting the people living habits, deep processing tea had produced a large number of tea waste.
However, the disposal of tea residue is becoming an ecological and environmental problem. The disposal of tea residue not only caused environmental pollution, but also a huge waste of biomass resources. In recent years, how to develop and utilize waste of tea residue has become a hotspot in recent years. Therefore, how to make use of tea residue to prepare biomass fuel, so as to utilize biomass waste as well as to develop a new environment-friendly energy material, is a technical problem which researchers trying to solve.
Biomass energy production technology offers the hope of increasing economic efficiency and energy independence in the United States and other countries [3] . The US biomass power industry has grown from less than 200 megawatts in 1979 to more than 6,000 megawatts in 1990, The installed capacity is expected to grow to 22,000 megawatts by 2010 [4] . Due to the rapid growth of population and industry, Turkey's increased demand for and use of energy has raised concerns about the economic and environmental impact of national energy-based generation [5] . Agricultural residues are an important source of biomass. The burning rate of the pulverized biomass fuel is significantly higher than other combustion rates. The pulverized biomass fuel may be combusted in a flame in the same manner as oil or gas at the same high power output [6] . The desired burning rate is achieved only by crushing the pulverized biomass material.
Due to the very easy flammability, the waste biomass is not suitable for direct use in domestic use. In general, because of the high density, clumped waste biomass may be difficult to ignite due to low porosity. As a result, as the bulk density increases, the ignitability decreases [7] .
Briquettes can be considered a good idea for evaluating low-grade combustible materials obtained from different biomass sources. In previous studies, considerable attention has been focused on lignocelluloses' waste, crushed plastics and other combustible waste compacts [7] [8] [9] [10] [11] .
It is believed that the protein and longer cellulosic fiber content of the combustible waste is primarily responsible for binding and stabilization [7] [8] . Waste from the tea plant contains 10.1-10.5% of the production of black tea [12] . The treatment of this waste in the field has been achieved by burning or farming back into the soil. Tea waste stores the solar energy obtained during the growing season and represents an annual renewable energy source, and the effect of the briquetting temperature and time on the briquette density of tea waste were determined [13] . In this study, tea waste was briquetted at ambient temperature for 5 minutes under barometric pressure to establish a novel biomass fuel. Moreover, the total moisture, ash content, volatiles content, fixed carbon content, sulfur content and high calorific value of the briquettes were investigated.
Methods and materials
Samples of tea waste were collected and air-dried. The air-dried samples were ground in order to pass through a 1.0 mm aperture screen. The samples of tea waste were briquetted at ambient temperatures for 5 minutes under barometric pressure. The briquettes obtained were cylindrical in shape. A series of experiments were carried out to determine the effects of different moisture contents of the samples and the compressive strength of the briquettes without binder material. A series of tests were also applied to determine the total moisture, ash content, volatiles content, fixed carbon content, sulfur content and high calorific value of the briquettes.
Results and Discussion
The tea slag biomass solid forming fuel comprises the following raw materials in percentage by weight: 85% of tea residue and 15% of sawdust carbon. The optimal moisture content was 20%. The tea residue and the sawdust carbon are weighed according to the weight, and then uniformly stirred the tea residue and sawdust charcoal extruded through a briquetting machine. The properties of the biomass fuel was listed in Table 1 The burning of the sawdust charcoal is not easy to catch fire, the tea residue burns quicker, the sawdust charcoal burns a longer time, the two are just in good complement with each other, and the mixture of the molding fuel in the combustion process in the tea residue priority on fire, sawdust charcoal after the fire, so the formation of fuel just formed a honeycomb, so that in the furnace combustion process, the increase in oxygen content and combustion more fully. The tea waste fuel has appropriate moisture and a high calorific value of 11.23 MJ/kg, which was comparable to that of median coal. Thus, this study established a novel fuel of biomass waste.
Conclusion
This study indicated that tea waste could be used as partial binder materials. A series of experiments were carried out to determine the effects of different moisture contents of the samples and the compressive strength of the briquettes without binder material. For briquette quality control, a series of tests were also applied to determine the total moisture, ash content, volatiles content, fixed carbon content, sulfur content and high calorific value of the briquettes. . The tea waste fuel has appropriate moisture and a high calorific value of 11.23 MJ/kg, which was comparable to that of median coal. Thus, this study established a novel fuel of biomass waste.
